Abstract. We study the LHC signals of SO(5)×U(1) gauge-Higgs unification as a beyond the standard model (SM). When the extra dimensional space is not simply-connected, dynamics of the Aharonov-Bohm (AB) phase, θ H , in the extra dimension can induce dynamical gauge symmetry breaking by the Hosotani mechanism. The Kaluza-Klein (KK) mass spectra of γ, Z, Z R and Higgs self couplings obey universal relations with θ H in the fifth dimension. In our model, three neutral gauge bosons, Z bosons, appear at TeV scale. Z bosons are the first KK modes Z
Introduction
A Higgs boson has been discovered by LHC experiments. This discovery supports the standard model(SM) as a unified theory of electroweak symmetry. However, the SM does not contain the dark matter and the SM has Higgs quadratic divergence problem. To solve these problems we introduce gauge-Higgs unification(GHU) as a beyond the SM.
The GHU is formulated in higher dimensional gauge theory. The four-dimensional Higgs boson appears as a part of components of gauge fields. When the extra dimension is non-simply connected space, for example a circle, we introduce Wilson loop which integrates gauge fields along extra dimensions. This Wilson loop can have a constant phase θ H , like the Aharonov-Bohm(AB) phase,
where A y is the extra dimensional component of gauge fields and θ H is AB phase. This AB phase breaks the gauge symmetry. This mechanism is called Hosotani mechanism [1, 2] . Then we introduce a Higgs field as a fluctuation of this AB phase. In gauge-Higgs unification electroweak symmetry is broken by this phase [3] . This phase cannot be removed because Wilson loop is gauge invariant. If one wants to remove this AB phase by gauge transformation, this phase appears the boundary condition again. In this scenario we do not consider Higgs quadratic divergence because 1-loop effective potential and Higgs mass are finite by using this mechanism. This phase is dynamically determined by a minimum of 1-loop effective potential. [4] . Now we introduce the SO(5)×U(1) GHU as a realistic model [5] [6] [7] . At low energies this model yields almost the same results as the SM [7] . To distinguish the GHU from the SM we examine the prediction of new particles. Our model has Z s which are not the SM Z boson but neutral massive gauge bosons. In this paper we discuss Z search of our model at LHC experiments [10] .
The SO(5)×U(1) gauge-Higgs unification
In this section we define the SO(5)×U(1) GHU. We introduce SU(3) C ×SO(5)×U(1) X gauge field on the Randall-Sundrum warped space-time. A Higgs doublet is introduced in the coset part SO(5)/SO(4). The standard model fermions are vector representation on the bulk region. We need brane fermions to construct the mass difference of top and bottom quarks. SO(5)×U(1) X symmetry is broken to SO(4)×U(1) X symmetry by boundary condition of the extra dimension. SO(4) symmetry is equivalent to SU(2) L ×SU(2) R symmetry. In this case, this model has custodial symmetry. The Peskin-Takeuchi T parameter should be zero [9] . SU(2) R ×U(1) X symmetry is broken by the brane scalar which is introduced at a brane. In this time, these gauge bosons are massive, we call W R and
(1) , γ (1) are the candidates of Z bosons because we do not have Kaluza-Klein(KK) parity. H → γγ process leads us to θ H ∼ 0.2. In this region we predict Z mass are more than 3 TeV, Table 1 .
At this time 1-loop effective potential has minimum at θ H = π/2 because all fields are same periodicity. Our Higgs couplings are proportional to cos θ H . In the case of θ H = π/2, Higgs coupling is zero. Higgs boson becomes stable and cannot be observed. To avoid this we introduce dark fermions. This fermions are another periodicity because this fermion is spinorial representation. Therefore we can move a minimum of effective potential.
Then this model has seven parameters g A , g B , k, z L , c t , c F , n F . Adjusting theses parameters, we reproduce the values of five observed quantities m Z , g w , sin 2 θ W , m t , m H . Especially, dark fermion mass is fixed by Higgs mass m H = 126 GeV. Parameters and masses in the case of degenerate dark fermions with n F = 5 is Table 1 . We can change warp factor, the number of dark fermions and U(1) X charge Q X . When warp factor is small, KK mass is heavy. If we choose large Q X , H → γγ process is enhanced. And also when Q X = 1/2 we can get the neutral dark fermions. If we assume conservation of the number of dark fermions, the dark fermions can become stable. In this scenario dark fermions are one of dark matter candidates [8] . Table 1 . Parameters and masses in the case of degenerate dark fermions with n F = 5. All masses and k are given in units of TeV. 
The universality
In previous section we introduce dark fermions. Thess fermions need to construct observable Higgs boson. However we found the quantities which are independent on dark fermions. We call universality. See Figure 1 . Colors of dots are the number of dark fermions. As you can see, all dots on the same line. This means 1st KK Z boson mass is independent on the existence of dark fermions. We also found this universal relation of masses of m KK , Z
R and γ (1) . Interpolated lines of these masses are described, In Figure 2 show the Higgs triple coupling and quartic coupling. These numbers should be compared with λ 
This universal relation is a strong tool for predictions. Once you know the θ H , you can know the other parameters by using the this relation. And we can ignore dark fermions unless dark fermion is the leading contribution. As a result, our free parameter is only warp factor.
Higgs mass depends on KK mass and dark fermions. Once KK mass and dark fermions are given, θ H is determined dynamically. When we ignore dark fermion, Higgs mass has only KK mass dependence which depends on warp factor. Since the Higgs mass is given, Higgs mass has no degree of freedom. Change of warp factor is absorbed as change of θ H .
Z search
Experiments [11] [12] [13] show us no Z up to 3 TeV. We analyze Z search of 8 TeV and 14 TeV LHC [10] . In previous section we comment that Z is independent on dark fermions because of universality. Therefore, we ignore the existence of dark fermions. We use Wilson line phase as a free parameter.
We investigate pp → l + l − Z process at tree level. Table 2 shows numerical result of couplings of Zand Z ll with θ H = 0.114. L and R of subscripts mean chirality. Z s are strongly coupled with the right-handed fermions compared with Z boson. This couplings lead to larger width of Z than width of the SM Z boson. R and Z (1) , γ (1) because Z (1) and γ (1) have almost same mass. One sees a very large deviation from the SM, which can be detected at the upgraded LHC. In θ H = 0.114 case, differential cross section at 3 TeV (4 TeV) is 13 times (86 times) as many as the SM prediction. 
Conclusion
In this paper, we discussed the LHC signal of SO(5)×U(1) gauge-Higgs unification. The first KK modes Z (1) R , Z (1) , and γ (1) , appear as Z bosons in dilepton events at LHC. We analyzed dilepton process at 8 TeV and 14 TeV LHC experiences. Z s are strongly coupled with right-handed fermions. This leads large width of Z (Figure 4 ). According to current data, we expected θ H smaller than 0.2, Z mass larger than 3 TeV. Figure 4 shows a large deviation from the SM. Therefore, in this case, next LHC experiments will find the Z in the 3 TeV -9 TeV range. If Z bosons discover at upgraded LHC experiments, we can estimate KK mass and Higgs triple and quartic couplings by using the universal relation eq.(2)(3). This is the strong tool for the prediction. Our model is testable and outstanding model of extra dimensional theories.
